In this paper, we extend the 5-factor model in Fama and French (2015) with the non-Normal errors distribution of SSAEPD (Standardized Standard Asymmetric Exponential Power Distribution) in Zhu and Zinde-Walsh (2009) and the GARCHtype volatility. The focus is on finding out whether our new model can outperform the original Fama-French 5-factor model. We use Fama-French 25 value-weighted portfolios to conduct our research. The MLE is used to estimate the parameters. The LR test and KS test are used for model diagnostics. Models are compared by AIC. Empirical results show that with GARCH-type volatilities and non-normal errors, the Fama-French 5 factors are still alive. Our new model can successfully capture the skewness, fat-tailness and asymmetric kurtosis in the data and has better in-sample fit than the 5-factors model in Fama and French (2015) . Our study provides an update to existing asset pricing literature and reference for investors.
Introduction
The capital asset pricing model of Sharpe and Lintner (1965) marks the birth of asset pricing theory [1] , which discovers that there exists a positive linear relation between expected returns and their market betas. Three decades later, Fama and French (1993) proposed a three-factor model relating to market premium, Size, B/M and confirmed that the 3-factor model outperformed the single-factor CAPM. [2] However, recent studies have discovered that many other important patterns in average returns are left unexplained by the 3-factor model. Panel A of Table 1 (2015) find that the 4-factor q-model performs better than the FF5 model in US market [8] . Harshita, Singh, S. and Yadav, S. S.
(2015) discover that the FF5 model works better in India than CAPM and FF3 model [9] .
Different from previous researches, our research tries to extend the 5-factor model in Fama and French (2015) . Many asset pricing models in the existing literature just assume that financial time series follow the normal distribution, but more and more researches and studies have observed the unique distributional properties of financial data-more kurtosis and higher peak-contradicting the assumption of normality [10] .
Thus, instead of adding new factors, we incorporate the GARCH-type volatilities of Bollerslev (1986) into FF5 model and employ non-normal errors of SSAEPD proposed by Zhu and Zinde-Walsh (2009) for the error term. SSAEPD is capable of capturing many stylized facts in financial time series such as skewness, fat tails and asymmetric kurtosis [11] . We denote our new model as FF5-SSAEPD-GARCH. Based on our new model, we try to figure out the following two questions:
1) With GARCH-type volatilities and SSAEPD errors, are the Fama-French 5 factors still alive?
2) Can our new model beat the 5 factor model in Fama and French (2015) ?
To answer these questions, we first run simulation to test whether the MatLab pro- Simulation results show our MatLab program can be employed for our empirical analysis. According to the empirical results, we find out the 5 factors in Fama and French (2015) are still alive! The new model fits the data well and has better in-sample fit than the 5-factor model in Fama and French (2015) .
The paper proceeds as follows. The model and methodology are discussed in Section 2.
Simulation analysis is reported in Section 3. Empirical results and the model comparisons are presented in Section 4. Section 5 provides the conclusions and future extensions. 
Model and Methodology

The FF5-SSAEPD-GARCH Model
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Maximum Likelihood Estimation
In this paper, we estimate the FF5-SSAEPD-GARCH model with Maximum Likelihood
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Simulation Analysis
In this section, we first generate random number series for ( ) 
We choose 
Empirical Analysis
Data
The data we analyze are the monthly returns from the Fama-French 25 value-weighted portfolios for US stock market, which are the same as data used in Fama and French (2015) . The descriptive statistics of sample data are calculated by MatLab and listed in Table 3 . For each observation, the skewness estimates (except one case) is not 0 and all kurtosis estimates are more than 3, which suggests that the data follows a leptokurtic distribution with the high peak and fat tail. The P-value of Jarque-Bera test for each portfolio is 0, which is smaller than 5% significance level. Hence, we can reject the null hypothesis and conclude that the asset returns do not follow Normal distribution. Thus, non-Normal error of SSAEPD might be able to fit the data better. 
Estimation Results
Estimates for the FF5-SSAEPD-GARCH Model
The estimates for our new model are displayed in Table 4 . We find out that our model can successfully capture the skewness, fat-tailness and asymmetric kurtosis of the data.
To be specific, the skewness parameters α are all not equal to 0.5, which captures the skewness in the data. 44 out of 50 estimates for the tail parameters pi (i = 1, 2) are smaller than 2, which suggests that portfolio returns are fat-tailed distributed. Besides, all the tail parameters p1 and p2 are not equal to each other, which document the asymmetric kurtosis. And 15 out of 25 portfolios have bigger estimates for the left tail parameter p1, which means that these returns have thinner left tails. Table 5 . 
Residual Check
In this subsection, the residuals for previous models are checked with both Kolmogo- Note: * means the null is rejected under 5% significant level.
• Kolmogorov-Smirnov Test for Residuals
To check the residuals, the Kolmogorov-Smirov test (KS) is employed. The P-value of KS test is displayed in Table 6 . The P-values of KS test show the residuals from the new model do follow SSAEPD. For example, the P-value of the portfolio with Small
Size and Low Book-to-market is 0.71, greater than 5%, which means under 5% significance level, the null hypothesis is not rejected and the residuals from our model do follow the SSAEPD. Similarly, the null hypothesis cannot be rejected for other 19 portfolios.
Then, we apply the KS test for the residuals from the FF5-Normal model. The P-values of the KS test are also listed in Table 6 . 21 out of 25 portfolios have smaller P-values than 0.05, which means these 21 portfolios reject the nulls. Hence, the error terms of the portfolios do not follow Normal distribution. And the FF-Normal model is not adequate for the data.
• PDFs of Residuals By method of "eye-rolling", the PDF of residuals is compared with theoretical PDFs.
Taking the portfolio with Small Size and Low Book-to-market for example, in Figure 1 , the probability density function (PDF) for the estimated residuals ˆt z in FF5-SSAEPD-GARCH and that of ( ) Similarly, the probability density function (PDF) for the estimated residuals ˆt u in FF5-Normal and that of ( )
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Normal µ σ are shown in Figure 2 . And there is a big difference between these two curves, indicating the residuals do not follow Normal distribution.
Model Diagnostics
In this subsection, we compare our new model with the 5-factor model of Fama and French (2015) . The Akaike Information Criterion (AIC) is used as the model selection criterion. Table 7 displays the AIC values. We find that 23 out of 25 AIC values of the 
Conclusions
In this paper, we extend the 5-factor model in Fama and Table 8 . The estimates and their t -statistics are very close to those in Table 9 , respectively. Thus, the MatLab program we write is valid. Table 7 on page 13 of Fama and French (2015) .
